We present here the detection of TeV gamma rays from the extragalactic source Markarian 421. Observations obtained with the Whipple 10 m
INTRODUCTION
Markarian 421, a giant elliptical galaxy with a nucleus of the BL Lacertae type [1'2] , has been identified as a strong and variable emitter at radio [3-s], optical [2's], and X-ray [5] [6] [7] frequencies. The pattern of variabihty for Mrk 421 is erratic and variations on time scales of days (optical) and hours (X-ray) are reported[S-l~
The EGRET detector aboard the Compton Gamma Ray Observatory [ 11] recently extended the observed energy spectrum from Markarian 421 into the MeVGeV regime and made it a good candidate for detection at TeV energies. Although Markarian 421 is the weakest source reported by the EGRET experiment so far (~(E>.lGeV)=0.14• [12] , it is still close enough (z=0.031) [1~3 to avoid possible obscuration at TeV energies by infrared absorption [14'1s] .
THE WHIPPLE 10 M CHERENKOV TELESCOPE
The observations reported in this paper were carried out with the very-highenergy v-ray telescope [16] at the Whipple Observatory on Mr. Hopkins in southern 
SHOWER IMAGE SELECTION
The vast majority of atmospheric air showers are produced by charged hadronic particles and have to be discriminated against those which are originated by gamma rays. The most sensitive technique yet employed by the Whipple Collaboration for this purpose ('supercuts ' [17] ) uses four parameters to characterize the approximately elliptical shower image. Two of these are the root-mean-square length and width of the ellipse. A third, 'distance', is the angular distance of the centroid of the shower image from the assumed source location in the image plane. A fourth parameter, 'alpha', gives the orientation of the image. Alpha is defined to be the angle between the major axis of the shower image and a line from its centroid to the assumed source location in the image plane. For 7-ray showers from a point-like source, alpha should be near 0 ~ since the elliptical images point to the location of the source in the image plane. The supercuts procedure selects showers with small size, at distances from 0.51 ~ to 1.1 ~ and with values of alpha < 15 degrees. Monte Carlo simulations [ls '19] and repeated observations of the Crab Nebula [2~ demonstrate that the Cherenkov light images of air showers induced by "prays can be reliably distinguished from hadronic background.
ANALYSIS AND RESULTS
Observations of Markarian 421 were made between 24 March and 2 June 1992, for a total of 7.5 hours on-source and an equal amount of time off-source (R.A. ~ = R.A. ~-'~ + 30'). The data presented here have been restricted to observations at elevations greater than 550 .
In Fig. la , the alpha distributions for on-source and off-source observations of Mrk 421 are compared after the other supercuts selection criteria have been satisfied. For the region of alpha < 15 degrees there is a 6.3c~ excess, with 302 onsource showers and 166 off-source showers. The excess corresponds to an average photon flux of 1.5x10 -11 cm -2 s -1 above 0.5 TeV, equivalent to 0.3 that of the intensity of the Crab Nebula. If one assumes isotropic emission at a distance of 124 Mpc, then the corresponding luminosity is .-. 1043 erg s -1. But as Mrk 421 is known to exhibit jet-like behavior, the actual TeV luminosity may be considerably less.
For comparison, the alpha distributions for the previously reported observa- Orientation angle alpha (degrees) Figure 1 . On and off-source orientation angle ('alpha') distributions for a, M:k 421 and b, Crab Nebula [22] . The distributions are for those showers for which the other supercuts selection criteria have been satisfied. The supercuts selection value for alpha is 15 ~ tions of the Crab Nebula [21] are shown in Fig. 1 b. For the Crab Nebula the excess has a statistical significance of 34cr. The similarity between the Mrk 421 excess in the small-angle region of Fig. 1 with the corresponding excess for the Crab Nebula corroborates the Mrk 421 signal. As a measure of the stabihty of the Whipple detector, the on-source and off-source datasets contained 77,181 and 76,761 raw, uncut showers, respectively, a difference of only 0.55%. We have investigated the possibility that the excess shown in Fig. la may be a systematic effect related to the on-and off-source star fields but find that control observations of other star fields with similar characteristics show null results when they are subjected to the supercuts analysis.
From the observations a two-dimensional map of the source region [23] may be created. Figure 2 shows the map from the observations of Mrk 421. The center of the field of view corresponds to the known direction of the source. The peak seen is within 0.1 degree of this direction.
Mrk 421 is only the second source to be seen by the Cherenkov imaging technique and the first extragalactic source. The power-law energy spectra reported by EGRET [12] for the active galactic nuclei that it has detected are uniformly hard, with differential photon spectral indices of two or less. For Mrk 421 the differential power-law index is estimated as 1.9 [12] . The spectral index implied by joining the 100-MeV point with the flux reported here at 0.5 TeV is 2.0. A first estimate from our data is consistent with a hard energy spectrum at TeV energies.
